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COMPARISON OF WINTER CLIMATIC DATA FOR THREE NEW HAMPSHIRE SITES 


John W. Govoni and Sandra J. Smith 


INTRODUCTION 


Over the past several years there has been growing interest in icing 
conditions at high elevations, especially on high-power transmission lines 
in the Northeast. Extensive damage has been caused by ice buildup on power 
lines and towers, and occasionally complete collapse of transmission sys~ 
tems has occurred. There is thus a need for basic meteorological data that 
can be related to icing rates and conditions in icing-susceptible regions. 
This information is necessary for the design and location of proposed power 
line systems (Howe 1982-1983), wind power generation facilities, ski area 
lift facilities and microwave relay towers. 

During the months of October 1980 through April 1982, we measured wind 
speed and direction, temperature, precipitation and humidity while monitor- 
ing icing events near the summit of Loon Mountain, New Hampshire. The same 
data were collected at the Cold Regions Research and Engineering Laboratory 
(Hanover, N.H.) and at the summit of Mt. Washington, N.H. In this report 
we compare the meteorological and icing parameters at these three loca- 
tions. 

Loon Mountain is located in Lincoln (44° 07' N, 71° 30' W), and has an 
elevation of 934 m. The data collection site is located at the top of the 
Loon Mountain Ski Area at an elevation of about 870 m. The site's exposure 
is roughly 270° from southwest to southeast. The site is a fairly level 
knoll with vegetation consisting mainly of spruce, balsam, and yellow 
birch, all under 8 m high. The various sensors were located so that there 
was minimal interference from buildings or trees. 

The site was chosen for several reasons. Its elevation is approxi- 
mately the maximum reached by existing or proposed power line corridors. 
Information obtained from earlier studies* shows that 2800 to 3000 ft (850 
to 900 m) is the minimum elevation for atmospheric icing on mountains in 


the Northeast. In addition, this site is accessible by a gondola lift that 


*C. Ryerson, University of Vermont, personal communication, 1985. 


Operates year-round, and the heated ski patrol building on the summit pro- 
vides an ideal location for instruments that must be kept warm. 

The second location, the Cold Regions Research and Engineering Labora- 
tory (CRREL), is located in Hanover (43° 43' N, 72° 16' W)- The instrumen- 
tation site is in an open field (elevation 155 m) west of the main building 
and adjacent to several test cells constructed in 1972 to study the effects 
of wastewater on a variety of vegetation and soil types. The meteorologi- 
cal site was established to collect climatic information for the study, and 
since that time has been in continuous operation. 

The third site is on the summit of Mount Washington (44° 16' N, 71° 
18’ W), about 1,910 m above sea level. The Mt. Washington Observatory, lo- 
cated at the summit, is a first-order National Weather Service Observation 
Station. The observatory is in the clouds more than half the time and has 
prevailing winds from the west and west-northwest. The most severe storm 
winds, however, are usually from the southeast, and quite often exceed 160 
km/hr. 

Minimum temperatures at the summit are not as extreme as those in the 
surrounding lowlands. However, the observatory experiences very rapid tem- 
perature changes, and below-freezing temperatures are recorded every month 
of the year. This combination of year-round low temperatures and the pres- 
ence of liquid water droplets in the air makes it an ideal outdoor labora- 
tory for studying atmospheric icing on structures (Govoni and Ackley 1983, 
1984). 

The CRREL and Mt. Washington sites were chosen because their eleva- 
tions are about 700 m below and 1100 m above the elevation of Loon. This 
data set thus provides an opportunity to examine the influence of elevation 
on icing intensity and other meteorological parameters. In addition, the 
Mt. Washington site is used for basic studies relating icing rate to in- 
cloud parameters and for testing a variety of icing sensors. 

An explanation of the parameters measured and equipment used at all 


three sites is given in Appendix A. 


DISCUSSION 


Wind Speed and Direction 
To rapidly establish the prevailing wind speed and direction, wind 


rose diagrams for each month were plotted using a computer program. Each 


wind rose (App. B, Fig. B1-B6) shows the distribution of wind direction and 
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he magnitude. The vectors give the directional percentage of wind occurrence 
R (length of the thin line) and wind speed (length of the thick line) as de- 
scribed by Bates (1981). Appendix B (Table Bl) also contains the monthly 
wind data for the three sites. Daily average wind speed and direction, 
peak gust and direction, and the time (LST) when the gusts occurred are in- 
cluded in this table. Figure 1 is a log-log plot of the average wind speed 
vs elevation for the three sites. A reasonable power law relationship ap- 
pears to exist between wind speed and elevation. 


The GMQ11 wind set at 


Loon was mounted on a Mt Washington 
metal pole approximately “ 8 canta 
3.5 m above the roof of a E 

10-m-high wooden observa- 3 iaeanas 

tion tower. This provided e 1981-‘82e 

a 360° unobstructed view e enol 

for obtaining wind speed - 

and direction. During the < CRREL 


g!980-'8! 
1981-'82 


14 months of study at 


Loon, the lowest average 


monthly wind speed (1.8 10° 10° ron 


m/s) was recorded in 0c- Elevation (m) 


tober 1981 and the highest Figure 1. Average wind speed versus eleva- 


(8.9 m/s) in February tion for the three sites. 


1981. Wind gusts of 20.1 m/s or greater occurred during every month. ‘The 


highest observed wind speed occurred on 25 October 1981 when a peak gust of ee 

43.4 m/s was measured. The wind direction during these events was predomi- 

nantly north-northwest. Wind data for Loon are given in Table Bl and Fig- eee 

ures Bl and B2. ° 
Wind speed and direction at CRREL were also recorded by a GMQ11 wind an 


set mounted roughly 4 m above the ground on an instrument shelter. Wind heed 
roses were also drawn for the CRREL data for the same time period as for mere 
the Loon data (see App. B, Fig. B3 and B4). The lowest average monthly aon 
wind speed at CRREL (1-0 m/s) was recorded in October 1981 and the highest vat 
(2.5 m/s) was recorded in April 1982. During the same 14-month period, ae, 
peak hourly gusts of 6 m/s occurred every month. The predominant wind di- peeks 
rection, as on Loon Mountain, was from the north-northwest. 4 
Data collection was different on Mt. Washington than on the other two oon 
me -* 


sites, mainly because of strong winds and continuous icing conditions. 
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Wind speed was measured by a heated, vaned pitot-static tube. The direc- 


"oe (e “> RE we 


tion of the wind, however, was obtained from a separate vaned indicator. 


i Both instruments were mounted on metal poles 1.5 m above the observatory's 
10-m tower. To collect continuous data at the observatory, sensors must be 
heated and have as few moving parts as possible, because of the extreme 

icing conditions on the summit. The lowest average monthly wind speed for 


the 14-month period was recorded in October 1981. The highest peak gust 


Es 2 or tte 


occurred on 4 December 1981. Peak gusts of 18 m/s or greater occurred al-~ 


most every month. Prevailing winds were from the west and west-northwest. 


Precipitation 
| A 20.3-cm weighing-recording rain gage was used both at Loon Mountain 
and the CRREL site for measuring precipitation. At the Mt. Washington site 
a 20.3-cm-diameter, 91.4-cm-long non-recording rain gage was used. Daily 
precipitation amounts are included in Table Bl. At the Loon Mountain and 
| Mt. Washington sites all the precipitation is in water or water equivalent 
units. At CRREL, however, in addition to water equivalent data, actual 
snowfall amounts were measured and recorded as snow depth on the ground. 


Appendix C shows accumulated precipitation amounts in water equivalent for 


G the three sites. 
The precipitation totals for the three sites were as follows: 
Site Precipitation (mm) 

bs Loon Mt., 1980-81 645 

= Loon Mt., 1981-82 439.6% 
CRREL, 1980-81 390.9 
CRREL, 1981-82 445.5 

: Mt. Washington, 1980-81 1,382.9 

he Mt. Washington, 1981-82 1,214.5 


Temperature and humidity 
Different instruments were used at the three sites for measuring air 


temperature and humidity. At Loon Mountain, a recording hygrothermograph 


set in a Thomson shelter 1.3 m above the ground made a continuous record of 
. the air temperature and humidity. Air temperature and humidity were mea- 
Zo sured by two different methods at CRREL. The first method used a General 
2 Eastern 650/611A (lithium chloride) probe located 10 m above the ground 


surface. The second method used a General Eastern 1200 (Frost Mirrors) 


*Approximately 27 days of data missing. 
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probe located 2 m above the ground surface. On Mt. Washington, air ten- 
perature was obtained with a Bourdon tube that recorded on a Foxboro therm- 
ograph. Humidity readings were recorded every three hours with a sling 
psychrometer. A summary of the monthly temperatures for the three sites 
from October 1980 to April 1981 and October 1981 to April 1982 is given in 
Table Bl. 


The average temperatures for the three sites were as follows: 


Site Temperature (°C) 
Loon Mt., 1980-81 -4.0 
Loon Mt., 1981-82 -5.0 
CRREL, 1980-81 -1.0 
CRREL, 1981-82 -1.8 
Mt. Washington, 1980-81 ~10.5 
Mt. Washington, 1981-82 -10.6 


Appendix D contains plots of cumulative freezing-degree-day records 
and running daily maximum and minimum air temperatures at the three sites 
for the two winter seasons. It is clear that the fastest growth in the 
freezing-degree-day curves corresponds to the lowest temperature in the air 


temperaCure curves. 


Icing 
One icing event during the winter of 1980-81 and two events during the 


winter of 1981-82 were observed at the Loon Mountain site by the ski patrol 
personnel. Because of problems associated with visiting a semi-remote 
site, actual physical measurements were not made by CRREL personnel. How- 
ever, on 1 October 1984 a Rosemount ice detector was installed at the Loon 
site to monitor and measure icing rates and intensities. 

During the 1980-81 and 1981-82 winter months no detectable icing was 
recorded at the CRREL weather station. 

The summit of Mount Washington is known for the heavy icing it re- 
ceives during the winter months. Appendix E is a list of icing events that 
occurred during the winters of 1980-81 and 1981-82. The type of ice was 


not recorded for each icing event, but 90% of them produced rime icing. 


CONCLUSIONS AND RECOMMENDATIONS 


We are currently establishing another site, on the summit of Cannon 
Mountain, New Hampshire, which has an elevation of 1231 m above sea level. 
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We expect Cannon to have more icing events than Loon, but fewer than Mt. 
Washington, based solely upon the elevation differences. Preliminary in- 
vestigation seems to indicate that light to moderate icing in the White 
Mountains starts at or around the 900 m elevation mark. 

There are significant problems associated with collecting meteorologi- 
cal data from unmanned remote mountaintop sites. Equipment malfunctions 
and power losses are two major causes for loss of data. With conventional 
equipment, these problems are not usually detected until the weekly visit 
to the site is made. 

For future studies, state-of-the-art data loggers and sensors will be 
used to collect data at our remote sites. Coupled with telephone modems 
and back-up tape recorders, this equipment should minimize loss of data. 

By way of direct telephone line from the data logger at the site to the 
CRREL computer, we can receive the data each day in a variety of formats. 
Also, the sensors at the site can be interrogated at any time from any com- 
puter terminal at CRREL. Sensors and other electronic equipment that are 
not functioning properly can be rapidly detected and repaired with minimal 
loss of data. In addition, if our ice detectors indicate significant 
icing, immediate on~site visits can be made to measure the amount and type 


of ice. 
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Figure B5. 


Monthly wind roses for Mount Washington, 1980-81. 
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Figure B5 (cont'd). 
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Figure B5 (cont'd). 
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Figure B5 (cont'd). 


: 100% 
Wind Speed 

fe) 10 20m/s 

luuitt 1 J 


= Speed 
— % Occurrence 


% Calm0.0 
Apr'8! 


Kee: 


. ion 


Figure B6. Monthly wind roses for Mount Washington, 1981-82, 
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Figure B6 (cont'd). 
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Figure B6 (cont'd). 
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APPENDIX C: ACCUMULATED PRECIPITATION AMOUNTS (WATER EQUIVALENT) 
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APPENDIX D: CUMULATIVE FREEZING-DEGREE-DAYS AND MAXIMUM 
AND MINIMUM AIR TEMPERATURES 
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